Hirsutism is characterized by excessive growth of terminal hair in a male pattern. Excessive hair growth in the absence of demonstrable androgen excess in ovulatory women is also referred to as idiopathic hirsutism (IH). IH is diagnosed in women who have hirsutism, normal ovulatory function and normal total or free testosterone levels. IH is a common cause of hirsutism. IH is not associated with any sign of virilization. Its cause is not understood completely. It has been proposed that women with IH have significantly increased cutaneous 5α-reductase activity. The presence or absence of such an association is not clear [1] .
insulin resistance. There are few data demonstrating IH is associated with insulin resistance. Since the pathogenesis of IH is still unclear, we tried to assess various insulin sensitivity indices in lean IH and compare with healthy subjects.
materials and methods
A cross-sectional study was performed in 71 lean (BMI between 20-25 kg/m 2 ) women (17-39 years old), 31 with IH and 40 healthy individuals. The protocol was approved by the hospital-based ethics committee. The protocol of the study was explained to all of the subjects. Informed consent was obtained before beginning the study.
None of the control subjects had ovarian dysfunction, hirsutism, or hyperandrogenemia. The diagnosis of IH was based on the presence of hirsutism (modified Ferriman-Gallwey score, >8) [2] , regular ovulatory menstrual cycles, normal ovaries on ultrasonography and a normal serum androgen profile including free testosterone, and dihydroepiandrosterone sulfate and an interassay coefficient variance of 8%. Plasma insulin levels were studied by RIA with double antibodies (DPC, Los Angeles, CA, USA) with an intraassay coefficient variance of 5.8% and an interassay coefficient variance of 7.8%.
Hormone measurements were taken after an overnight fast in the the first week of the menstrual cycle. We studied LH and FSH by immunoradiomorphometric assay (IRMA) (Buk-Sangtec Diagnostica GmbH, Germany), free testosterone by RIA (DPC, Los Angeles, CA, USA), and DHEA-S by RIA (Pantex, Santa Monica, CA, USA).
BMI was obtained by dividing the body weight by the square of height (kg/m 2 ). The results are reported as means ± SEM. The results of women with IH and healthy women were compared by using unpaired t test. P < 0.05 was regarded as statistically significant.
results
Mean age and mean body mass index did not differ in patients and controls. No difference was observed in FSH, LH, DHEAS and free testosterone levels between two groups (Table 2) .
(DHEAS).
Thyroid dysfunction, hyperprolactinemia, nonclassical adrenal hyperplasia, PCOS, and adrenal/ovarian tumors were excluded by appropriate tests and ultrasonography of the ovaries and adrenal glands.
To estimate insulin sensitivity indices we used formulas derived from fasting measurements of glucose and insulin (Table 1) .
The insulin sensitivity indices such as homeostasis model assessment of insulin resistance (HOMA-IR), hepatic insulin sensitivity (ISI HOMA ), QUICKI index, reciprocal fasting insulin resistance index, fasting Belfiore index, and fasting glucose/insulin ratio (GIR) were estimated using a single fasting sample of glucose and insulin levels. Raynaud index was calculated using the mathematical estimation in a single fasting sample of insulin levels ( Table 1) .
None of the patients had used any medication known to interfere with carbohydrate metabolism and hirsutism. All subjects were studied in the follicular phase (day 2-9) of their cycles. Ovulation was confirmed by day 24 serum progesterone levels (>8 nmol/L) in whole group.
Blood glucose levels were studied in whole blood by enzymatic calorimetric methods using commercial devices with an intraassay coefficient variance of 6% Fasting insulin -1 (μU/mL)
QUICKI index (μU 
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-1 results were lower in IH group than in controls (p=0.001) ( Table 3 ).
Discussion
Our study showed that IH patients were more insulin resistant than healthy subjects. We propose that insulin sensitivity indices are useful methods for measuring insulin resistance in IH.
IH is diagnosed in women who have hirsutism, normal ovulatory function and normal androgen levels. The diagnosis is one of the exclusion, in which ovulatory dysfunction, elevated circulating testosterone and other causes of androgen excess are ruled out. It occurs more frequently in certain ethnic populations, particularly in women of Mediterranean ancestry [11] .
The pathogenesis of IH is not clear. Increased skin 5α-reductase activity is thought to be responsible [12] . The relationship of insulin resistance and PCOS is well known [13] [14] [15] [16] [17] [18] . Overall, about 50-70% of women with PCOS have insulin resistance [19] .
There are few studies investigating the association of insulin resistance with IH. Unluhizarci et al. [20] showed that IH is associated with some degree of insulin resistance and increased tendency for glucose intolerance notably in obese women with IH.
Sarac et al. [21] found that insulin mediated glucose disposal was lower in normal weight women with IH than healthy control subjects.
Fattah et al. [22] demonstrated that nonobese IH patients with android obesity based on waist to hip ratio were as insulin resistant as PCOS patients.
Unluhizarci et al. [20] did not choose especially lean patients for their study. BMI was not an exclusion crite-
Fasting insulin
Fasting insulin levels were significantly higher in IH group compared to healthy controls (p=0.002) ( Table  3) . When the cut-off point of fasting insulin level for insulin resistance was accepted as 13 mU/mL according to Ludvig et al. [9] , the proportion of insulin resistance was 53 % in IH group.
Raynaud index
Raynaud index was higher in IH group compared to healthy controls (p=0.001) ( Table 3) .
HOMA-IR
HOMA-IR was significantly higher in IH group than the control subjects (p=0.001) ( Table 3) . When the cut-off point of fasting insulin level for insulin resistance was accepted as 3.2 [10] the proportion of insulin resistance was 60 % in IH group and 2.5 % in healthy controls.
FIRI
FIRI results were higher in IH group than in controls (p=0.001) ( Table 3) .
Fasting Belfiore index
Fasting Belfiore index was significantly lower in IH group than the control group (p=0.001) ( Table 3) .
QUICKI index
QUICKI index was significantly lower in IH group than the control group (p=0.001) ( Table 3) .
ISI HOMA
ISI HOMA was significantly lower in IH group than the control group (p=0.001) ( Table 3) . hair follicle biology in IGF-1 transgenic mice [27] .
As far as we know, we cannot find any reference indicating that insulin stimulates hair follicle growth. However, hyperinsulinemia leads to increased expression of IGF-1 expression. The liver seems to be the main source providing 75% of the circulating IGF-1 [28] . The hepatic IGF-1 production is dependent on the signaling of growth hormone (GH) mediated by the growth hormone receptor (GHR). Butler et al. demonstrated that circulating IGF-I concentration increased 4-fold in response to a chronic elevation of plasma insulin in cows. In accordance with the observed increase in plasma IGF-I, hepatic IGF-I mRNA levels were elevated 6.3-fold. The increase in IGF-I during insulin infusion was associated with an increase in hepatic GHR 1A, a major GHR transcript in bovine liver tissue. They found that GHR 1A was increased 3.6-fold, and that GHR 1A levels were correlated with IGF-I mRNA in response to chronic elevation of plasma insulin [29] . Hyperinsulinemia was also found to stimulate the expression of the GHR in the liver tissue. Thus it is comprehensible that hyperinsulinemia causes an increased production of hepatic IGF-1 by a enhanced signaling of the GHR in the liver. This in turn, raises the amount of circulating IGF-1 and therefore results in cell growth and proliferation [29] [30] [31] .
In addition both the insulin receptor (IR) and the IGF-IR are transmembrane oligomer receptors which consist of one α-and one β-subunit. The β-subunit comprises a tyrosine kinase which undergoes autophosphorylation after the ligand binds to the extracellular α-subunit of the receptor. Subsequently insulin receptor substrates and adaptor proteins are recruited, activated and induce two major signaling pathways. On one hand the mitogenic MAPK pathway and on the other hand the metabolic and anti-apoptotic PI3K pathway. The MAPK pathway plays an important role in cell growth and proliferation. The anti-apoptotic influence of the PI3K pathway is mediated through the activation of protein kinase B which controls among other things apoptosis-regulating transcriptions factors [28] . Cells that express the IR and the IGF-1R may also form a hybrid receptor from two subunits of these two receptors. Insulin manifests a decreased affinity to the IGF-1R and a very low affinity to the hybrid receptors. However IGF-1 retains its high affinity to the IGF-1R as well as to the hybrid receptors. Since there are two subtypes of the IR, the IR-A and the IR-B, there also exist two different hybrid receptors of IGF-1 and IR rion. Eight patients of 32 were obese and 6 of them had impaired glucose tolerance (IGT). The group was more insulin resistant compared to control subjects. When they adjusted the group for BMI and excluded the IGT subjects, they found that basal insulin and HOMA-IR levels were still higher than the control group.
In our study we especially chose lean women to be able to evaluate insulin resistance independent from obesity.
In our study we found the fact that insulin sensitivity indices such as Fasting insulin, Raynaud index, HOMA-IR and FIRI are higher and Fasting Belfiore index, QUICKI index, ISI HOMA and FIRI -1 are lower in IH patients than control subjects supports presence of insulin resistance in those patients.
Based on the cut-off value for HOMA-IR, IH patients were more insulin resistant than controls. Fasting insulin levels were significantly higher in IH patients than in controls. Based on the cut-off value for fasting insulin, IH patients were more insulin resistant than controls.
It has been suggested that a basal hepatic glucose overproduction defect may be a manifestation of the global insulin resistance in patients at risk for type 2 diabetes mellitus. ISI HOMA , which reflects basal hepatic glucose production, was lower in IH patients. Altuntas et al. [23] have reported that HOMA-IR should be used as a global insulin resistance test. The data from this study were concordant with their results. We suggest that HOMA-IR is a good predictor of insulin resistance in patients with IH.
Since our group contained only lean women with IH, insulin resistance in IH patients cannot only be attributed to obesity. We showed that insulin resistance is also a current situation for nonobese IH patients. The relationship between insulin resistance and IH is not explained well. One explanation for this association might be stimulating effect of insulin/insulin-like growth factor (IGF) system on hair follicle growth [24] . Phillot et al. [25] also demonstrated that insulin/IGF system in vitro has a role on hair follicle growth. In tissues, IGF-1 is produced by mesenchymal type cells and acts in a paracrine and autocrine fashion by binding to the insulin-like growth factor 1 receptor (IGF-1R). This binding activates the receptor tyrosine kinase that triggers the downstream responses and finally stimulates cell division. IGF-1 may therefore be able to stimulate the proliferation of hair follicle cells through cellular signaling pathways of its receptors [26] . Weger et al. demonstrated that IGF-1 signaling is an important mitogenic and morphogenetic regulator in indices seem to be useful in nonobese IH patients for determining insulin resistance.
Limitations
We did not measure waist to hip ratio in our study group so we cannot know if this relation is because of android obesity.
